Giant cell tumours (GCT) of the skull base account for approximately 1% of all GTC of the bone. Despite being considered as a benign neoplasm, they are locally aggressive with high recurrence rates after incomplete surgery. Due to the small number of cases reported in skull base, standardized treatment remains unclear. Even with new surgical techniques, a complete resection in skull base tumours is not always possible without functional compromise. Therefore, adjuvant therapy is essential to enhance local control and quality of life. We described a case treated successfully with primary surgery followed by Cyberknife stereotactic radiosurgery (SRS) and denosumab with a 48-month follow-up. To the best of our knowledge, the usage of combined therapy, SRS and denosumab, in skull base GCT has not been previously described.
Introduction
Giant cell tumour (GCTs) of the bone are defined as a benign but locally aggressive primary neoplasm, representing approximately 5% of all skeletal tumors [1] , which usually occur in the epiphyses of the long bones, particularly the distal femur, proximal tibia and distal radius. GCT involving the skull account for less than 1% of all GCT reported, commonly observed in the sphenoid or temporal bone [2] . Due to the small number of cases reported in this location, standardized treatment remains unclear [3] [4] . Surgery is considered a priority to prevent local recurrence; however, this anatomical location not always allows performing a complete resection of the tumour [5] . Adjuvant therapy has changed over the past years, mainly with the use of modern radiotherapy techniques and the discovery of a specific monoclonal antibody improving quality of life and survival in these patients. We report a case of GCT of the clivus and petrous bone, an extremely rare entity, treated with primary surgery followed by stereotactic radiosurgery and denosumab.
Case Report
History and Examination The patient underwent a two-stage surgery, first a right temporal craniotomy and osteotomy of the zygomatic arch with a partial resection of the tumor including the anterior wall of the petrous bone, followed by endoscopic transnasal trans sphenoidal resection. A slightly hard and poorly vascularized mass was partially resected. The patient's postoperative course was uneventfully. Histopathology revealed a tumour composed of multinucleated giant cells in a proliferative spindle cell stroma. Stromal cell showed occasional mitotic figures with areas of osteoid production and hemorrhage. Immunostains for CD68 and Vimentin were positive in the multinucleated giant cells and stroma. Features that may suggest an aggressive lesion were not identified. The histopathology diagnosis was giant cell tumour ( Figure 2 ).
To reduce local recurrence due to subtotal resection, he received adjuvant stereotactic radiosurgery (SRS) using the CyberKnife® system with a safety margin (clinical treatment volume CTV 20.6 cc) and a total dose of 20.1 Gy in 3 fractions, followed by subcutaneous injections of 120 mg of denosumab administered monthly for the first year, then every 3 months during the second year and every 6 months from the third year to the current date. He also received daily supplements of calcium 600 mg and vitamin D 400 IU.
Follow-up
Follow-up has been performed for 48 months with both clinical and imaging evaluation. After radiosurgery presented Radiation Therapy Oncology Group (RTOG) toxicity criteria grade 1, due to tiredness but fully functional status, no late toxicity was observed during the follow up. The patient has not submitted any side effects of the drug and clinically continues with right-sided hearing loss 
Discussion
GCT are a primary bone tumor generally considered histologically benign, but locally aggressive, which typically occur in the epiphyses of long bones, rarely seen in the cranium. Skull base involvement is unique and only described in case reports [3] [6]. Uslu et al. reported a total of 115 cases available in literature of GCT of the cranium, most of them observed in the sphenoid and temporal bones [6] . We report a rare case of GCT affecting the petrous bone, clivus and sphenoid body.
The age of presentation is usually between 20 and 40 years with the predominance in females and Asian population [7] . The clinical symptoms vary widely depending on tumor location. Hearing loss, headache, tinnitus and dysfunction of the cranial nerves are the usual modes of presentation in skull base involvement [8] . In our patient, despite the location of the tumor, the sixth and fifth cranial nerves were preserved with affection of the eight and the seventh cranial nerves. Surgical excision remains the treatment of choice but with recurrence rates up to 40% -60% correlated to the tumor size and extent of surgical resection [12] .
Despite the improvements in surgical techniques, complete tumor removal without functional deficits remains challenging in skull base lesions, as seen in this case [13] . Therefore, considering both the possibility of incomplete resection and high recurrence rates, adjuvant therapy is considered necessary for local control.
Radiation used as a single modality or adjuvant therapy remains controversial because of low rates of local control, concerns about side effects and induction of malignant transformation [13] . However, radiation therapy techniques have strongly improved over the last decade, achieving dose escalation with high homogeneity/conformity indices and maximum adjacent tissue sparing. Several studies using modern radiotherapy techniques (IMRT, RapidArc and radiosurgery) for GCT reported a good local control rate with marked symptoms reliefs without severe toxicity, as well as incident of less than 1% of malignant transformation [12] [13] [14] [15] . The recommended dose is 45 -60 Gy to achieve a long-term control of the tumor [3] , in this case we calculated a total dose of 20.1 Gy delivered in three fractions of 6.7 Gy each equaling a biologically effective dose of approximate 44 Gy. No acute or late radiation side effects were seen during the follow-up periods.
There is limited evidence regarding the use of chemotherapy and it is considered not active in GCTs [10] . Bisphosphonates agents have shown some activity in GCTs but are not currently approved due to lack of information and randomized studies [10] [11] . Denosumab results demonstrated long lasting responses with 96% of progression-free patients at a median follow up of 15 months and incredible response in the 8 patients with skull base GCTs [16] .
Chawla et al., reported that denosumab was associated with a great tumour response and reduced the need for morbid surgery with only 1% of osteonecrosis of the jaw and 5% of hypocalcaemia reported [17] . However, no long term data about the recurrence rate, functional outcome and long term toxicity exists so far and therefore we need to wait for the final analysis of the phase 2 study that has been published only in part at the moment.
Denosumab alone have shown to work by inhibiting the recruitment and the differentiation of giant cell component of the tumour, not directly to the stromal cells and tumour re-growth is expected after discontinuation of the drug. This strongly suggests the need for prolonged treatment or the used of combined therapy to enhance long term local control. Our case illustrates the used of combined therapy, SRS and denosumab after subtotal resection of the tumor, resulting in excellent tumour control after 48 months. Further investigation on the use of combined therapy for skull base GCTs is necessary to define adjuvant setting and treatment duration.
